In this paper we will show that the impact of narrowband interference signal on the performance of direct sequence ultra wide band communication system in a Log-normal flat fading channel can be easily mitigated. The idea of the proposed mitigation technique is based on adapting the ultra wideband transmitted spectrum with the suitable selection of the direct sequence pseudo random code sequence in order to counteract narrowband interference and at the same time to guarantee low spectral emissions over existing narrowband communication systems.
In recent years, the impulse radio ultra-wideband (IR-UWB) specially the Direct sequence (DS) UWB system has been proposed as a candidate technology at the physical layer of the high-speed short-range wireless personal area networks (WPAN). Since IR-UWB systems are planned to coexist with other legacy narrowband systems, the transmission power of the UWB devices is strictly limited by the Federal Communications Commission (FCC) agency so that the pre-existing narrowband systems will be affected by the UWB signals only at a negligible level. However, these narrowband systems may cause severe interference to the UWB system which may jam the UWB receiver completely [1] [2] [3] [4] [5] .
In order to reduce the interference to existing narrowband systems, the FCC also imposed a power restriction on UWB communication systems, where the power spectral density levels are limited to -41.3dBm/MHz. However, narrowband signals that exist in the UWB range may exhibit a high power spectral density (PSD) levels compared to the PSD of UWB signals as seen by a UWB receiver. As a result, one would expect a degradation of the UWB bit error rate (BER) performance. Therefore, the issue of the interference cancellation is crucial to the UWB systems.
Narrowband interference (NBI) suppression in UWB communication systems has been extensively studied before and it can be borrowed from those used in code division multiple access spread-spectrum systems [6] [7] [8] . In [9] , the authors studied the use of a notch filter to suppress NBI for time hopping UWB systems. A narrowband suppression scheme based on minimum mean-square-error Rake reception was examined for UWB systems in [10] . In [11] , the use of a non-linear prediction filter in DS UWB systems to reject NBI had been studied. However, these techniques are performed in UWB receivers to reduce the effect of NBI on UWB signals, while the interference caused by UWB devices to narrowband services must also be mitigated.
To this end, the main objective of this paper is to propose an approach which adopts the pseudo-random code sequence used in the IR-UWB system to mitigate the impact of NBI by shaping the UWB signal spectrum. With the convenient selection of such code sequence the impact of NBI signal can be mitigated or suppressed.
The paper is organized as follows. The system model is described in section 2. In section 3 the idea of the proposed approach is presented. Section 4 presents representative numerical results of system performance with and without the use of the proposed approach and validated with simulation. Finally, section 5 draws the conclusions. A. The Desired Signal The transmitted UWB signal can be written either in the form of a Time hopping pulse position modulation (TH-PPM) or in the form of a DS binary phase shift keying (BPSK) as
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where p(t) is the shape of the transmitted pulse with pulse width Tm. In DS system d i , is the transmitted i th binary data bit and composed of equally likely bits. T f is the frame duration, the bit duration can be represented as T b = N s T f with bit energy E b . N s is the number of pulses transmitted per bit. C j in the DS bipolar code sequence, C j Є {-1, +1}. In TH-PPM system, T c is the TH chip width, C j is the TH code Є{0,1; … ;Nh-1}, such that an additional time shift of C j T c is introduced when the j th pulse is transmitted. is the i th binary data bit transmitted and composed of equally likely symbols (or bits). Finally, is the modulation index (the time shift added to a pulse with an optimal value of 20% of a pulse width).
B. The NBI Signal Model
The considered NBI signal is the sum of "N i " tone interferers. The NBI signal can be written as (3) where "f n " is the n th interference frequency, and "φ n " are independent and identically distributed (i.i.d.) random phases due to modulation and i.i.d. symbols. I is the total transmitted power of the interference signal.
C. Channel Models
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Due to the huge UWB bandwidth, the propagation channel for UWB signals is frequency-selective and it cannot be modeled as a flat fading channel. However, some wireless systems that use the UWB technology such as the wireless sensor networks are characterized by size and energy constraints. These constraints are imposed on each node that necessitate the use of simple devices. The use of a one finger Rake receiver can be considered as a sub-optimal solution for simple and low cost communication systems. In this case the channel can be modeled as a flat fading. The impulse response of the UWB system in a flat fading channel is given by [12] ( 4) where a s is the channel gain coefficient and τ s is the channel time delay. The channel impulse response for NBI signal can be written as (5) where α i is the Rayleigh distributed channel gain and τ i is the corresponding time delay. The received signal can be written as (6) where n(t) is the additive white Gaussian noise (AWGN) with two sided power spectral density No/2. The desired received signal for the DS-BPSK system, S r (t) = , where * is the convolution integral, it can be written as (7) For a TH-PPM system, it can be written as (8) The interference term, I r (t) = , it can be written as 
Without loss of generality, it is assumed that the UWB signal channel impulse response, h s (t), and the interferer channel impulse response, h i (t), are normalized so that , where E[.] denotes the expectation operator.
Interference Analysis
In this section, the possible coexistence between a UWB communication system and narrowband system operating within the same frequency band is investigated. In figure  1 , a sketch of the scenario inside the critical area identified, is depicted. In particular, the figure highlights such coexistence problem. In this scenario, we have to determine first the impact of NBI on the UWB system and then adapt the UWB spectrum to guarantee a possible coexistence. Fig. 1 The coexisting scenario between a UWB communication system and a narrowband interference Signal.
The UWB correlation mask can be written as (10) where m(t) for a TH-PPM system can be written as 
and for a DS-BPSK system, it can be written as (12) the matched filter receiver, which can be written for a DS-UWB signal as (13) whereas for a TH-PPM system, the transfer function |M(f)| is given by (14) Where P(f) is the Fourier Transform of the six derivative Gaussian UWB pulse p(t) which can be written as (15) The performance of IR-UWB system in the presence of NBI in a scenario characterized by Log-normal flat fading on the UWB link had been presented in [13] . To this aim, following the approach developed in [13] , the bit error probability (BEP) of the IR-UWB communication system in the presence of N tone interferers can be written as [13] (16)
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where ω i and b i are the weights and the associated roots of the Hermite polynomial respectively where ω i and b i are found in [14] . N are the number of samples points to use for this approximation. and are the mean and standard variation of the Log-normal random variable, a s . Finally, is the signal to interference plus noise power ratio (SINR), which can be written for a DS-BPSK UWB system as [13] (17) (18) Where SIR is the signal to interference power ratio, and M(f n ) is the transfer function of the matched filter. β is the is the correlation coefficient between the two UWB pulses, p(t) and p(t-δ) for the two bits (0,1) respectively. β can be defined as (19) It can be seen that M(f) as presented in equations (13) and (14) and consequently the BEP expression presented in equations (17) depend on the sequence {C j }, thus by suitable adaptation of the code sequence {C j }, a null can be introduced at the exact narrowband system operating frequencies.
Assuming independent and equi-probable bits, d j , the PSD of the IR-UWB transmitted signals (1) and (2) has the same shape of the matched filter frequency except for an irrelevant constant. Thus, the UWB system can potentially detect the NBI operating frequency and select the best spreading sequence that minimizes the impact of interference at the receiver. By doing this, at the same time, the transmitted spectrum will have a minimum level around f i , which in turn will guarantee that the mutual interference remains below a certain level, allowing coexistence and better usage of the spectrum.
Simulation and Numerical Results
In this section, the considered DS-BPSK system with six derivative Gaussian received pulse has a pulse duration τ p = 0.192 ns, a frame length T f = 100 ns. The two Figure (2) depicts the normalized matched filter transfer function in a frequency range around the NBI operating frequency for two possible code sequences. It can be seen that it is better to adapt the first code sequence than the second one as the latter gives higher level of interference at the output of the matched filter receiver. around the NBI operating frequencies for the two previously depicted possible code sequences.
Figure (6) depicts the effect of adapting the suitable code sequence (code 1) which guarantees the lower interference at the matched filter receiver output on the BER performance of a TH-PPM communication system in the presence of a single tone NBI signal operating at 5.75GHz and validated with simulation as depicted in figure (7) . It can be seen that the TH-PPM system with the adaptation of code 1 outperforms the adaptation of code 2 and the impact of the NBI signal is completely removed.
Conclusions
The goal of this paper was to show the importance of suitably adapting the pseudo random code sequence used in the DS-UWB communication system in a Log-normal flat fading channel. 6 . BER performance of a TH-PPM UWB system in the presence of NBI, SIR = -25dB with two different code sequences, dB-spread = 2dB, f i = 5.75GHz. 
